The aim of the present study was to investigate differences in the methods for preparing a large DNA fragment to be used for making transgenic rats from the standpoint of transgenic production efficiency and integrity of the introduced gene. In yeast artificial chromosome (YAC) transgenesis, three methods for preparing DNA for microinjection were compared: amplification of YAC in yeast (AMP), amplification of YAC in yeast and removal of the amplification element (AMP/RE), and no amplification of the YAC in yeast (AMP -). Production efficiency per microinjected ovum with DNA by the AMP method was four times higher than that by the AMP/RE and AMP -. Based on these results, we favor the AMP method in spite of the thymidine kinase gene-induced male sterility. In bacterial artificial chromosome (BAC) transgenesis, linear DNA fragments for microinjection prepared by three kinds of purification procedures were compared: Not I digestion and CsCl gradient ultra-centrifugation (Prep. 1), CsCl gradient ultra-centrifugation, Not I digestion, gel electrophoresis, and β-agarase digestion (Prep. 2), and CsCl gradient ultra-centrifugation, Not I digestion, pulse field gel electrophoresis, and β-agarase digestion (Prep. 3). Although the efficiency of producing transgenic rats was similar with all these three DNA preparations, integration of the intact DNA fragment only occurred with the Prep. 3 procedure. We therefore favor the Prep. 3 method for preparing BAC DNA fragments. These results indicate that the method used to prepare a large DNA fragment such as YAC and BAC DNAs is important in order to produce transgenic rats with an intact transgene.
pending on the site of gene integration; this is called the position effect [12] . The position effect results from insufficient upstream and downstream regulatory sequences within transgenes [12] . The cloning capacity of plasmid, phage or cosmid vectors limits in the size of the DNA to less than 40 kb. The transgene constructs based on these vectors cannot overcome the position effects. The cloning of several hundred to a thousand base pairs of DNA has recently become possible with either a yeast artificial chromosome (YAC) [2] or bacterial artificial chromosome (BAC) system [17] . Moreover, YAC and BAC can manipulate and modify the DNA constructs due to their highly active homologous recombination system [14, 19] . Introduction of these gene constructs into the germ line of animals makes possible the study of the function and regulation of genes and gene clusters in conditions closely approaching their natural genomic context [10] . YAC/BAC transgenic animals can avoid position effects and copy number-dependent and position-independent expression of the transgene can be obtained [6, 8, 13, 15] . Microinjection of the DNA into a fertilized oocyte nucleus is the most efficient and reliable technique for the introduction of the gene into animals. Largesized YAC and BAC DNA molecules, however, are susceptible to injury during preparation due to various factors such as mechanical shearing [4] . Transgenic animals with YAC DNA prepared by several purification methods have been reported [4, 9, 13, 15] , but the integration efficiency of these DNA and the fragmentation rate of integrated DNA were not discussed in detail. In the present report, YAC and BAC DNAs were prepared by several conventional procedures and transgenic rats were produced. These procedures were evaluated by examining the integration efficiency of the microinjected DNA and the presence of both vector ends in the transgenic rats (integrity).
YAC DNA (yLALBA: 210 kb) containing the human α-lactalbumin gene was prepared according to the method described previously [7, 8] . In brief, YAC DNA with or without restriction nuclease treatment was separated by pulsed field gel electrophoresis (PFGE, CHEF-DRII, Bio-Rad Hercules, CA) with 0.8% lowmelting temperature agarose (SeaPlaque GTG agarose, FMC BioProducts, Rockland, ME). The YAC DNA band was excised and equilibrated with a small amount of microinjection buffer (10 mM Tris HCl pH 7.5, 0.25 mM EDTA, 100 mM NaCl, 30 µM spermidine, and 70 µM spermin). The agarose was melted at 68˚C and digested with β-agarase (New England Biolabs, Hertfordshire, England). YAC DNA was concentrated by centrifugation with a UF-filter [13] and a clear preparation was recovered. All of the DNA preparations for microinjection were confirmed to be intact on PFGE analysis. A DNA solution of 1 ng/µl was microinjected into the pronucleus of fertilized rat embryos (Wistar strain, Charles River, Japan) as described previously [11] , and the embryos were transferred to the oviducts of pseudopregnant Wistar rats. The DNA extracted from the tail of newborn rats was examined and tested for the presence of the transgene by the polymerase chain reaction (PCR) method with a primer pair for α-lactalbumin (ALAF: 5'-CCCAGTGAGGAA GAATGAAC-3', ALAR: 5'-TGCTAATGACCAGAAT GACA-3'). The integrity of the transgene was examined by analyzing both vector arm sequences of YAC DNA: left end primers (LeftF: 5'-TCGGCACCGTC ACCCTGGAT-3', LeftR: 5'-CCAAGTAGCGAAG CGAGCAG-3'), and right end primer (RightF: 5'-CTTCCATTCACTTCCCAGAC-3', RightR: 5'-ATACC CACGCCGAAACAAGC-3'). The copy number of the transgene was estimated by Southern blot hybridization. The tail DNA of transgenic rats was digested with EcoRI, separated by electrophoresis, transferred to nylon membranes, and hybridized with the specified human gene probe. Signals on X-ray films were quantified with an imaging densitometer (Model GS-670; BIO-RAD, Hercules, CA).
The YAC vector based on a conditional amplifiable centromere [18] is a powerful tool for preparation of a sufficiently concentrated YAC DNA for microinjection (AMP). But the thymidine kinase gene of the herpes simplex virus in the amplification element of the YAC vector causes sterility in male founders [1] , and the male founder cannot transmit the transgene to the next generation. To eliminate this problem, two different methods were adopted: removal of the thymidine kinase gene by restriction endonuclease after preparing YAC DNA by amplifying in yeast (AMP/RE), and preparing YAC DNA without amplification (AMP -).
The DNA preparations of AMP and AMP/RE were approximately 5 to 20 ng/µl and the DNA preparation of AMP -was approximately 1 to 3 ng/µl. For microinjection, the DNA preparation was adjusted to 1 ng/µl.
The production efficiency of transgenic rats and the integrity (all transgenic rats have a single copy of the transgene) are summarized in Table 1 . The production efficiency and integrity with AMP (4.5%, 80.0%) were higher than when using the other two methods (AMP/ RE: 1.5%, 58.3%; AMP -:0.4%, 66.7%). The overall integration efficiency of the intact transgene with AMP was more than four times higher than that with either of the other two methods (3.6% vs 0.9% and 0.3%). Without amplification of YAC in yeast, preparing a sufficient concentration of DNA for microinjection was difficult. In our previous experiments, the productivity of transgenic rats with 1 ng/µl of YAC DNA was higher than that with 5 ng/µl of YAC DNA. The solution for microinjection prepared from an excised agarose gel corresponding to a sham DNA band inhibited embryo development (data not shown). These results suggested that the solution for microinjection prepared from agarose gel contained something which inhibits the development of microinjected oocytes into pups and a sufficient dilution of YAC DNA preparation for DNA microinjection was the critical factor in producing transgenic rats. Schedle et al. [16] reported that four of five transgenic mouse founders had intact transgenes (80%) after microinjection of YAC DNA prepared by the AMP method. Peterson et al. [13] also reported that 10 of 17 transgenic mouse founders had an intact transgene (59%) with YAC DNA prepared by the AMP -method. The present results are consistent with these results without any difference between mice and rats. On the other hand, YAC DNA prepared with AMP/RE had lower integrity than that of AMP. The addition of Mg ++ to the treatment of restriction enzyme digestion might introduce nicks in the DNA and the injured DNA preparation might decrease the efficiency of transgenesis and the integrity of the transgene. Although an amplifiable YAC vector causes sterility in male rats, it can provide a sufficiently concentrated DNA preparation for microinjection and is an efficient method for producing transgenic rats. The high overall productivity demonstrated in this study overcomes the defect of male fertility because a transgenic female line can pass the transgene to her offspring. In the present study, the AMP method was more efficient for YAC transgenesis. Recently, a variant of the thymidine kinase gene that does not cause male sterility was reported [5] . An amplifiable YAC vector with this gene is expected to solve the problem of male sterility. Transgenic animals carrying YAC DNA have the copy number dependent and position independent expression of the transgene and are therefore important to the study of gene regulation in vivo.
BAC clones of human osteoblast differentiation factor genes (ODF, 100 kb) were screened from a human BAC library purchased from Genome Systems Inc. (St. Louis, MO). Three purification methods for BAC DNA for microinjection are summarized in Fig. 1 . The bacterial chromosome was prepared by the conventional alkaline-sodium dodecyl sulfate method, and the DNA fragment was separated after three different procedures: linearization by Not I digestion and CsCl gradient centrifugation (Prep. 1), CsCl gradient centrifugation, linearization by Not I digestion, conventional gel electrophoresis (GEP) with 0.8% low-melting agarose gel, *: Each preparation was the total for the three YAC clones. All YAC DNAs have a 210 kb chain length and are fixed at 1 ng/ml with YAC buffer (10 mM Tris HCl pH 7.5, 0.25 mM EDTA, 100 mM NaCl, 30 µM spermidine, and 70 µM spermin). **: Overall ratio of transgenic rats with both vector ends present per microinjected ova.
and β-agarase digestion (Prep. 2), and the same procedures as in Prep. 2, except that PFGE was used instead of GEP as in the purification of YAC DNA (Prep. 3). All DNA preparations were diluted with the microinjection buffer used for YAC DNA and microinjected according to the method for YAC DNA. Transgenic rats were screened by the PCR method with a pair of the ODF gene primers (ODFF: 5'-AGGTT CCCATAAAGTGAGTCTG-3', ODFR: 5'-AGACCT CGATGCTGATTTCCTCTCCA-3'). The integrity of the transgene was examined by analyzing both ends of vector sequences: 5' end primer (18F: 5'-TCAAGCGGGTGTTGGCGGGTGTC-3', 219R: 5'-CAGCTGGCGTAATAGCGAAGAGG-3'), and 3' end primer (408F: 5'-TAAATAGCTTGGCGTAA TCATGG-3', 600R: 5'-TG CAGCTGGCACGACAGG TTTCC-3'). All of the DNA preparations for microinjection were confirmed to be intact by PFGE analysis. The copy number of the transgene was estimated by Southern blot hybridization as well as the YAC transgene. Transgenic rats had 1 to 10 copies of the transgene (3 ± 2.0 on average). The integration efficiency of BAC DNA and the integrity of the transgene are summarized in Table 2 . Whereas the integration efficiencies were similar in all three preparations (4.9%, 3.6%, and 5.9%), the integration of the intact transgene was observed only in Prep. 3 (2.0%). The method which used PFGE separation was also superior with regard to the integrated DNA in BAC transgenesis. With regard to the production of transgenic animals with BAC DNA, there are only a few studies. Yang et al. [19] reported that two of three transgenic mouse founders had an intact BAC transgene (60%) with DNA prepared by Sepharose CL-4B gel filtration after CsCl gradient purification procedures of alkaline lysed bacterial chromosome DNA, but their integration efficiency was not described. On the other hand, BAC DNA prepared by the method with λ terminase digestion instead of endonuclease treatment and electroelution of bacterial chromosome [3] was used for microinjection. Three transgenic mice were obtained from 208 microinjected ova (overall: 1.4%), and all founders carried both vector arms (3/3; 100%). The production efficiency of transgenic rats with DNA from Prep. 3 was higher (5.9% Fig. 1 . Preparation of the BAC DNA for microinjection. vs 1.4%), but the integrity of the transgene was lower than those in other reports (33% vs 60% and 100%). Chrast et al. [3] suggested that the electroelution method was superior to the agarase digestion method from the standpoint of transgene integrity. The electroelution method might improve the integrity of transgenes in this study.
Application of YAC and BAC DNA fragments for the production of transgenic animals is increasing in genome research because the introduction of a large DNA fragment is an important tool for studies on physical mapping and positional cloning of disease genes. Rats have been well characterized animals and widely used in the study of pharmacology and toxicology. YAC/BAC transgenic rats are indispensable for these studies. We report a feasible method for preparing YAC/BAC DNA for making transgenic rats with increased transgene integrity. As the fragmentation of the transgene on the introduction of a large DNA into animals was unavoidable, it is very important to examine not only the quality of the DNA preparation for microinjection but also a detailed profile of the integrated transgene in advance of analyzing their expression.
